SUMMARY During investigation of HLA types among children exposed to diphenylhydantoin (DPH) in utero, we found no evidence of a distortion in haplotype sharing among affected sib pairs. Unexpectedly, however, we found a marked increase in the proportion of all sib pairs (not just affected ones) sharing maternal haplotypes. Among 14 two child families, 12 shared the maternal haplotype (expected would be seven); among families with more than two children the distortion was also pronounced. This finding, if verified in future studies, could indicate that something in the mothers, whether DPH use during pregnancy, or some genetic factor associated with seizures, or some effect of the seizures themselves, may be leading to non-random segregation of HLA haplotypes in their offspring.
Dilantin® (DPH, 5, 4 During the last 10 years, there has been increased concern regarding possible adverse effects of DPH on fetal morphogenesis. The specific syndrome recognised in its most extreme presentation has been called fetal hydantoin syndrome (FHS).5 It is characterised by four major categories of defects: craniofacial dysmorphism, prenatal onset of growth deficiency, central nervous system dysfunction with an IQ of less than 75, and an increased risk of major malformations.5 Only a percentage of those infants exposed, however, show adverse effects to DPH exposure. The reason for variations in susceptibility to DPH exposure is not known.
The incidence of major congenital malformations in the general population from study to study varies from 1 to 6% with a present consensus of approxiReceived for publication 20 March 1987. Revised version accepted for publication 5 October 1987. mately 3%. Children of women with seizures are believed to be at twice the risk of congenital malformations when compared to women without seizures.7 8 A study by Nakane et a19 found that the incidence of congenital malformations, when compared to women without seizures, was lowest when the mothers remained free of seizures and were not taking medication during the pregnancy, and highest in those where mothers were having seizures and taking medication. The group whose mothers had seizures but were not taking medication and the group whose mothers were without seizures and taking medication occupied an intermediate position. 9 Studies in mice have demonstrated that susceptibility to DPH induced cleft palate is related to glucocorticoid receptor levels and is influenced by the H-2 histocompatibility complex on chromosome 17.10-12 The mechanism of susceptibility to environmental teratogens in animal models may in some cases be applicable to humans. The human evolutionary homologue of the mouse H-2 complex is the HLA region on chromosome 6.13 14 Thus, a study of HLA segregation in families of children exposed to DPH in utero may yield information about DPH susceptibility. i98
Methods and materials THE FAMILIES We performed HLA typing on 18 families in which at least two children had been exposed to DPH in utero. All 50 of the children reported here were exposed to DPH in utero. For four of the 50 children DPH was taken during only a portion of the pregnancy, usually during the last trimester; the remaining 46 were exposed to DPH throughout the entire pregnancy (table 1) . DPH dosages varied somewhat from mother to mother and sometimes from pregnancy to pregnancy. Moreover, some mothers were on additional anticonvulsant medication (for example, phenobarbitol, mysoline) as well as DPH. However, the common factor was that they all took DPH at levels required to control seizures, and that except for the four pregnancies mentioned above, they did so throughout their entire pregnancies (see Discussion section).
The For the affected sib pair analysis, we determined whether the sharing of two, one, or zero haplotypes deviated significantly from the expected proportions of 0 25, 0*50, and 0 25. We looked at pairs of sibs who were both 'definitely affected'. We also did the analysis with the looser definition of being 'possibly affected'. Only full sibs were used here. We used a x2 goodness of fit test.
For the maternal haplotype analysis, we determined whether pairs of sibs shared their maternal haplotypes more often than expected. We included maternal half sibs along with full sibs. This analysis Father is always cdd (or e/f etc if more than one father).
A=definitely affected, P=possibly affected, U=unaffected.
included both affected and unaffected children. The expected proportion of sib pairs sharing maternal haplotypes is one half. To perform the maternal haplotype analysis in two child families, we simply counted each pair of children as either sharing or not sharing their maternal haplotypes, then tested the deviation from the expected proportion using an exact binomial test. In families with more than two children we analysed the data in two different ways. Method 1 selected the oldest child in each family and formed all pairs between that child and each subsequent child. Method 2 used all possible pairs in the family but weighted the proportions by appropriate factors. The deviation from expected was evaluated by a binomial test, either exact or using the normal approximation.
We give here a more detailed description of methods 1 and 2 for the maternal haplotype analysis. If a family has s children, then a total of s(s-1)/2 pairs can be formed among these children. However, the problem when s>2 is that all these s(s-1)/2 pairs are not independent, either genetically or statistically. It can be shown, by reasoning analogous to that in reference 16 , that for this analysis of haplotype sharing from a single parent, the number of 'equivalent' sib pairs in an s child family is s-1. In method 1 we selected the oldest child in the family and formed the s-1 pairs between that child and each subsequent sib. This has the advantage of being a straightforward statistical sampling procedure but the disadvantage of introducing a possible distortion in small samples. (For example, a three child sibship in which two children have maternal haplotype a and one has b will be treated differently, depending on whether the b child is the oldest or one of the a children is). In method 2 we formed all s(s-l)/2 pairs and counted the numbers sharing or not sharing the maternal haplotypes, but we then multiplied these numbers by a factor of 2/s so that the family is weighted as if it had only s-1 pairs in it. For example, in the three child sibship described above, we count two pairs as sharing and one pair as not sharing; these counts 2 and 1 are then multiplied by the factor 2/3, resulting in 4/3 pairs sharing and 2/3 pairs not sharing. This method has the disadvantage of using artificial fractional counts but the advantage of using all the pair sharing information contained in the sibship. Table 1 shows the family structures and HLA haplotypes. Three families (Fl, F3, and F17) contained maternal half sibs. Family F12 had a pair of monozygotic (MZ) twins; the twins were treated as a single child for these analyses.
Results

AFFECTED SIB PAIRS ANALYSIS
Using the stricter definition of 'definitely affected', we observed five affected sib pairs. When we added in three more 'possibly affected' pairs, we had a total of eight. Table 2 shows the haplotype sharing of these pairs, which gave no indication at all of deviating from the expected proportions of 1/4, 1/2, 1/4. Table 3 summarises the sharing of maternal haplotypes in the 18 families. In the 14 two child families, 12 pairs shared their maternal haplotypes. If we analyse these two child families separately from the larger sibships, we obtain a p value of 0-013 (two sided). (The exact binomial probability that 12 or more out of 14 pairs share maternal haplotypes, under the null hypothesis that the probability for each individual pair is 1/2, is 00065. Doubling this probability for a two sided test yields the p value above.)
MATERNAL HAPLOTYPE ANALYSIS
The remaining four families consisted of three with three children (F3, F8, F14) and one with five (F17). Method 1, forming paiis with the oldest child only, yields six pairs sharing maternal haplotypes and four pairs not sharing. When these figures are added to the 14 pairs from the two child families, the total (18 out of 24 pairs sharing maternal haplotypes) deviates significantly from expected, with p=0-023 (two sided). Method 2 yields similar results: 5 7 'pairs' share maternal haplotypes and 4 3 do not. The p value, using the normal approximation to the binomial distribution, is approximately 0-03. Since both methods yield such similar results, we simply use a p value of 0*03 in the ensuing discussion. This p value is for the whole data set, including both the two child families and the families with more than two children. Table 4 summarises these results.
Discussion
We found no evidence for a distortion in the sharing of HLA haplotypes in affected sib pairs, either 'definitely affected' or 'possibly affected'. However, we observed a striking and quite unanticipated increase in the sharing of maternal haplotypes among all sib pairs, whether affected or not. This distortion was statistically significant. We urge caution in interpreting this increase in maternal haplotype sharing, especially since this finding does not represent the initial hypothesis of interest but was only noticed serendipitously as we examined the data. Certainly our finding needs to be replicated in independent work before it can be accepted as proven.
When the increased sharing of maternal haplotypes was noted, we went back and broke the families down into affected sib pairs (that is, both sibs affected), unaffected pairs (both sibs unaffected), and mixed pairs (one sib affected, one unaffected). We wanted to see whether any of these subgroups exhibited either more or less sharing of maternal haplotypes than the other groups. However, there was no evidence for this, that is, the distortion in maternal haplotype sharing was about the same in all three groups.
Another important question, if this finding holds up under further study, is whether any particular HLA allele(s) or haplotype(s) are associated with this maternal sharing. In our sample, there is no evidence for preponderance of any HLA-A or -B allele or any A-B haplotype. For example, the most prevalent A antigen in our sample is A2; this is also the most frequent in North American Caucasians, with a gene (allele) frequency of about 27% .17 However, these observations do not rule out the possibility of an association. For one thing, our sample is too small to detect any but the most striking association. For another, we have data only on the A and B specificities. An association could exist with, for example, the alleles at the DR locus but not show up strongly with the A and B alleles.
We also reanalysed the data, excluding the four children (one each in families F5, F8, F10, and F13) for whom DPH was taken during only part of the pregnancy. This left 12 two child families, of which 11 pairs shared the maternal haplotype. The two sided p value is 0-006 for the two child families considered alone. When the three larger families (F3, F14, and F17) are included, the sharing is still significant at the 0*05 level (p=0-04 using method 1, p=005 using method 2).
Throughout this study we report two sided p values, rather than one sided ones, since we had not specified a priori that we would examine maternal as opposed to paternal haplotype sharing. No doubt, if we had observed such a striking increase in paternal haplotype sharing instead, we would still have reported it. Therefore, a two tailed test, being more conservative, seemed appropriate.
We do not know why there should be increased sharing of maternal HLA haplotype in the offspring of these mothers. One explanation would be to attribute this to segregation distortion. However, previous reports in humans and mice have noted distortions of segregation ratios in males but not in females.18 19 Klitz et al9 concluded that there is no significant segregation distortion in humans.
The phenomenon seen in these families does seem to depend on the mother and not on whether the child has FHS. It also appears that a genetic factor is involved which is linked to HLA on chromosome 6 . However, we cannot tell whether the increased haplotype sharing results from the action of DPH on meiosis or from some underlying genetic factor predisposing the woman to have seizures, or even possibly from the effects of the seizures themselves. In addition, we do not know whether the increased sharing results from segregation distortion at the genetic level or from some selective effect either on maternal germ cells or on the conceptus after fertilisation.
As we pointed out above, this finding needs to be confirmed independently. We hope that this report will stimulate other investigators to examine this question in their data. If the phenomenon of maternal haplotype sharing which we have observed here is replicated in future studies, it may help shed light on the genetics of seizures and FlS. 
